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Abstract
Soil erosion induces severe limitations to the agricultural land use, by lowering the productive potential of soils,
and also contributes to water pollution through the suspensions and nutrients introduced into the water bodies. Eroded
land becomes unstable and vulnerable to further environmental impacts. The main causes of soil erosion are the
unsustainable agricultural practices, deforesting, overgrazing, mining and construction activities.
Soil risk erosion assessment was realized on the base of USLE model applied on a GIS base. The study addresses
the rill and inter-rill erosion. For this reason, in some areas the calculated values can be lower than the actual erosion
rate. It is to be noted that not all the eroded material reaches the streams and lakes, part of it will be deposited on plain
surfaces.
According to modelled results the main areas exposed to erosion risk are located on step hills sides in areas with
arable land use. By comparison with the sediment runoff map of Romania results a satisfactory concordance between
the modelled results and the measured results. By considering that the soil formation rate in natural conditions is
between 2 -12 tons /ha and year the modelled values draw an alert signal on the necessity of rapid intervention in the
purpose of limiting this phenomenon.
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1. Introduction
Soil erosion has become a global
environmental problem. It induces severe limitations
to the agricultural use of land, by lowering the
productive potential of soils and also contributes to
water pollution through the suspensions and
nutrients introduced into the water bodies [1].
Erosion is triggered by a combination of factors
such as steep slopes, climate (e.g. long dry periods
followed by heavy rainfall), inappropriate land use,
land cover patterns (e.g. sparse vegetation) and
ecological disasters (e.g. forest fires) [2].
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A large variety of models can be found in the
literature that could be used to assess soil erosion
risks and factors influencing soil erosion risk [3, 4,
5]. Most of these models have been developed on
the basis of field observations in the specific
environmental contexts to which the models are
applied.
Universal Soil Loss Equation (USLE) is the
most widely used of all soil erosion models. The
USLE is a simple empirical model, based on
regression analyses of soil loss rates on erosion plots
in the USA [6]. It was designed to predict soil loss
from surface soil with respect to land use area (e.g.,
soil type, vegetation and management). The model is
designed to estimate long-term annual erosion rates
on agricultural fields. Although the equation has
many shortcomings and limitations, it is widely used
because of its relative simplicity and robustness [7].
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2. Studied area
Fizes River is a small tributary of Somes Mic
River in the north-western part of Romania. It
covers an area of approximately 562 km2, with an
average altitude of 400 m (Figure 1).
The land forms in the basin are marked by the
specific geology (sand stone, sand, clay and tuffs)
creating a landscape where steep slopes alternate
with low angle slopes. Because of this specific
geology and also flow variations, the valleys tend to
present broad floodplains with low slopes bordered
by steep hillsides. These are the ideal conditions for
the apparition of both natural and man-made ponds
and wetlands [7].
Fizeş river catchment, through its
characteristics can constitute a natural pilot
laboratory for studying the complex interactions in a
hilly landscape dominated by the presence of small
water bodies.
Figure 1. Map of study area
The history of pressures on the environment
in the basin is mainly related with the evolution of
land use, the area being predominantly rural.
Among the stress factors which contribute to
altering the ecosystems functionality, one can
enumerate massive deforestation, overgrazing,
irrational agriculture favouring the development of
erosion processes, and wetland destruction.
Soil erosion induces severe limitations to the
agricultural land use, by lowering the productive
potential of soils, and also contributes to water
pollution through the suspensions and nutrients
introduced into the water bodies. Eroded land
becomes unstable and vulnerable to further
environmental impacts.
3. Material and Method
The methodology used for soil risk erosion
assessment in Fizes river catchment was the
implementation of the Universal Soil Loss Equation
(USLE) in a raster GIS environment (or grid-based
approach) after some modifications in the
calculation of specific factors.
Soil erosion was determined with help of the
empirical equation developed by Wischmeier and
Smith (1978) [8] and adapted in a study regarding
de soil erosion risk in Italy [9, 10]. Due the similar
climatic conditions the model was considered
satisfactory. The application of the model for the
Fizes river catchment was used for rill and inter-rill
surface erosion. Other important erosion forms, for
example gullying, landslides or in smaller quantities
wind erosion were not assessed. The Universal Soil
Loss Equation (USLE) is one of the most widely
applied empirical models for assessing the soil
erosion from fields. Mathematically the equation is
denoted as:
A = R ⋅ K ⋅ LS ⋅ C (1)
where: A - mean annual soil loss (t ha−1 yr−1); R -
rainfall/runoff erosivity factor (MJ mm ha−1 h−1
yr−1); K soil erodibility factor (t h MJ−1 mm−1); LS -
slope length and steepness factor (dimensionless); C
- cover and management factor (dimensionless).
Rainfall erosivity factor (R) calculation
The R-factor measures the impact of rainfall
on erosion in MJ mm ha-1 h-1 yr-1 and it is designed
to represent the input that drives the sheet and rill
erosion process through climactic factor. The direct
calculation of R requires detailed data regarding the
quantity and intensity of the rainfall. Due to the fact
that these data are usually not measured in studied
area, it was used the empirical equation (2) which
estimates annual erosivity in relation to the total
rainfall quantity [9].
R = a x Pj             (2)
where: Pj - annual rainfall (mm); a - dimensionless
parameter; utilised value was 1.3 (according to
European Soil Bureau).
Soil erodibility factor (K) calculation
The K factor reflects the effect of the
average long-term soil and soil-profile response to
the erosive power associated with rainfall and
runoff. The soil properties and their interactions that
affect the value of the K factor are many and varied.
The main soil properties affecting K are soil texture,
organic matter, structure and permeability of the soil
profile [11].
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K was determined by the mathematical
method, the data regarding the physical and
mechanical soil characteristics being taken from the
pedological studies undertaken in the Fizes
watershed by the Bureau for Pedological and
Agrochemical Studies Cluj. The utilisation of this
method was preferred in order to compare the
common K database to the results of other studies.
Slope length and steepness factor (LS)
calculation
The L and S factors reflect the effect of
topography on erosion. Erosion is proportional to
slope length (L) and steepness (S). To calculate this
factor was used relationship (3):
(3)
where: As drainage area (m2/m) and β = slope angle(degrees).
Cover and management factor (C)
calculation
The C factor reflects the effect of cropping
and management practices on the erosion rate. It has
a close linkage to land-use types and is a reduction
factor in soil erosion vulnerability. It is defined as
the ratio of soil loss from land cropped under
specific conditions to the corresponding loss from
clean-tilled, continuous fallow [9]. The value of C
mainly depends on vegetation type, stage of growth
and cover percentage. In the literature are present
different values of factor C showing variations from
author to author and depending on management
practices adopted [12, 13]. The utilized values, in
this study, for the C factor were; corn = 0.30; wheat
= 0.38; pasture = 0.03; forest = 0.01)
In some USLE variant there is present a factor
P which varies between 0.1 and 1 according to the
management of the agricultural surfaces. The P
factor reflects the effect of contouring and tillage
practices on soil erosion. For this study, the value
for the P factor was assigned to be 1.0 for the entire
area, since there were no erosion control practices in
the studied area.
4. Results and Discusions
The erosion risk assessment in the Fizeş river
catchment was computed by overlaying the four
factor maps: rainfall erosivity (R) (Fig 2), soil
erodibility (K) (Fig 3), slope length and steepness
(LS) (Fig 4), and cover and management (C) (Fig 5)
using USLE with the ArcGIS Spatial Analyst
extension.
The display of the USLE model results,
coupled with GIS technique, on erosion classes
improves the visual aspect, the model generating
discrete data for each 50 x 50 m territorial analysed
element.
Figure 2. Map showing spatial distribution of the R
factor in the Fizes River catchment
Figure 3. Map showing spatial distribution of the LS
factor in the Fizes River catchment
Figure 4. Map showing spatial distribution of the C
factor in the Fizes River catchment
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C factor for the Fizeş river catchment
(modelled results)
Fig. 5. Erosion risk assessment map for the Fizeş
river catchment (modelled results)
According to modelled results the main
areas exposed to erosion risk are located on step
hills sides in areas with arable land use. By
comparison with the sediment runoff Map of
Romania [14, 15] a satisfactory concordance results
between the modelled results and the measured
results. By considering that the soil formation rate in
natural conditions is between 2 -12 tons/ha and year
[16], the modelled values draw an alert signal on the
necessity of rapid intervention in the purpose of
limiting this phenomenon.
5. Conclusions
The main areas exposed to erosion risk are
located on the step hillsides in areas with arable land
use of terrain.
Despite the limitations, the assessment
technique, offers information close to reality, based
on available data.
The model can qualitative appreciate the
influence of different management options on
erosion risk as well as the influence of climate
changes by modifying the model coefficients,
respectively rainfall-runoff erosivity factor (R) and
crop and cover management practices (C).
The model can be improved by using a higher
resolution digital map of terrain and land use, also
by including of the daily data related to quantity of
precipitations and finally to a better calibration and
validation by means of field experiments.
Identifying the most vulnerable areas to soil
erosion, will serve as a decision support in
designing and implementing control measures.
The information gathered can be used also in
assessing the diffuse water pollution of the Fizeş
watershed and furthermore in designing strategies of
sustainable landscape management.
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